P53 is a highly-researched transcription factor with many implications in cancer. Its C-terminus domain (p53-CTD) is an intrinsically disordered protein (IDP) that binds in diverse conformations to a variety of binding partners. It is of great importance to better characterize the full conformational landscapes of p53 and other IDPs to understand their diverse signaling behaviors. Previous work has demonstrated that IDP conformational ensembles are well characterized by the electrostatic distribution of the sequence. In this light, we wish to determine what elements of the landscape of p53-CTD may be attributed to its electrostatic properties and what elements are sequence-specific. We performed simulations of 2000 peptides generated from amino acid distributions of reference sequences that are 80% homologous to WT p53-CTD. We use Markov State Models (MSMs) to characterize the variants in the same conformational landscape, allowing for directly comparing sequences in the same conformational space. We then use hierarchical clustering to group sequences by their corresponding MSM transition matrices, essentially clustering sequences by dynamical behavior. Hierarchical clustering reveals sequence-specific trends at increasing degrees of resolution, and highlights conformations that are most conserved across the ensemble of IDP variants. We investigate which scrambled sequences behave most similarly to WT p53-CTD and propose essential sequence characteristics of p53-CTD and their implications for available conformations. There is growing interest in uncovering the rules that govern the sequence-determinants of phase separation of intrinsically disordered proteins (IDPs). This has direct relevance for reversible formation/dissociation of membraneless organelles and other biomolecular condensates. Here, we focus on a subset of IDPs with prion-like domains (PLDs) whose phase behavior appears to be governed by a rather simple molecular grammar. To the first order, IDPs with PLDs can be reduced to a flexible polymer chain comprising multiple interacting motifs connected by spacers. The minimal motifs are individual amino acids, specifically tyrosine and arginine. We present a mean-field theory that predicts critical concentrations for phase separation as a function of Tyr/Arg motif numbers. The theory, which was tested in numerical lattice simulations, provides a first-order explanation for experimentally measured critical concentrations of a family of IDPs with PLDs. Interestingly, substitutions of Tyr with Phe or Arg with Lys residues drastically weakens the driving forces for phase separation, suggesting that the grammar cannot be simply reduced to the multivalency of cation-pi interactions. Instead, phase separation requires collective interactions amongst a multiplicity of Tyr/Arg motifs that implies involvement of a hierarchy of length scales and orientational effects. Finally, spacers interspersed between the Tyr/Arg motifs serve as secondary modulators of the driving forces for phase separation and as primary determinants of the material properties, specifically the fluidity of droplets. Here too, the choice of optimal spacers is non-random, with a decided preference for Gly residues, which promotes inter-chain overlaps that appear to promote collective interactions. The combined experimental and theoretical analysis enables proteome-wide predictions of critical concentrations of disordered regions with Tyr/Arg motifs and begins to open the door to designing sequences with bespoke phase behavior.
2775-Plat

2776-Plat
Folding Funnels (or Lack Thereof) in Amyloid Aggregation Jeremy D. Schmit. Department of Physics, Kansas State University, Manhattan, KS, USA. In order to fold into a functional state, proteins must explore are large configurational space. The size of the non-native ensemble is so vast that folding on physiological timescale is not possible without a biased energy landscape to guide the folding process toward the native state. This energy bias, often described as funnel-shaped, is a requirement of evolution; sequences that do not fold on physiological timescale do not provide a fitness benefit. However, this requirement for a biased folding pathway does not apply to pathological protein aggregates. In fact, avoidance of the pathological state will favor the evolution of free energy landscapes that are flat or even have a negative bias. This conclusion has emerged from multiple lines of investigation that we briefly review in this presentation. First, we present a simple theoretical model showing that the concentration, temperature, and denaturant dependence of fibril elongation rates can be explained by a random search over molecular alignment states. Second, we present a novel Markov simulation algorithm to generate ensembles of aggregation trajectories using all-atom representations. This algorithm captures the non-additive effects of hydrophobic mutations on a fragment of A-beta. Again, we find that the aggregation trajectories are consistent with a random, unbiased search over binding states. Finally, we present an analytic theory that shows how sequence patterns affect the free energy landscape. This model predicts that A-beta and IAPP have inverted funnel landscapes.
Platform: Membrane Physical Chemistry II 2777-Plat Polymeric Effects vs. Chemical Specificity -Effects of Hyaluronic Acid on Lung Surfactant Monolayers Benjamin R. Slaw, Ka Yee C. Lee. Chemistry, The University of Chicago, Chicago, IL, USA. Lung surfactant (LS) is a mixture of lipids and proteins secreted by type II pneumocytes in the alveolus. The purpose of LS is twofold: first, through the self-assembly of a lipid monolayer at the air/fluid interface, LS reduces the alveolar surface tension to near-zero values and therefore reduces the work associated with normal breathing. Second, LS serves to stabilize the alveoli through repeated inhalation/exhalation cycles by dynamically varying the surface tension as a function of alveolar volume. While many studies have examined the behavior of model LS monolayers, a rigorous understanding of how the larger physiological environment of the alveolus affects the mechanical properties of the interfacial layer is still lacking. Of particular interest in native lung physiology is the existence of low molecular weight (220 kDa) hyaluronic acid (HA). Though well characterized in other contexts, the behavior and importance of HA in the alveolar lining fluid remains unknown. In this study, we examine the interaction of HA with two model LS monolayers. To determine whether the resulting behavior of the monolayers is due to the chemical nature of HA or the polymer's behavior in solution, we also examined the LS behavior when D-glucuronic acid (GA) and N-acetyl glucosamine (N; the chemical constituents of the HA monomer) were present in the underlying subphase. Our results indicate that monolayers spread on HA-containing subphases exhibit different mechanical responses to isothermal compression than those on GA or N subphases. Additionally, HA subphases yield novel phase behavior as observed via fluorescence microscopy.
